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Abstract 

The ability of the coupled-channels model (MSL) developed in recently 
in Ref. [1] to account simultaneously for the tcN scattering data and the n 
photoproduction reactions on the nucleon is presented. An accurate descrip- 
tion of ttN scattering has been obtained. A preliminary description of tt 
photoproduction is also discussed. 



1 Introduction 

Understanding the intricate dynamics leading to baryon resonance produc- 
tion and subsequent decay is essential to deepen our understanding on the 
confinement mechanisms of QCD. It is now well recognized that a coupled- 
channels approach is needed to extract the nucleon resonance (N*) parame- 
ters from the data of ttN and electromagnetic meson production reactions. 
With the recent experimental developments [2,3], such a theoretical effort is 
needed to analyze the very extensive data from Jefferson Laboratory (JLab), 
Mainz, Bonn, GRAAL, and Spring-8. To cope with this challenge, a dynami- 
cal coupled-channels model (MSL) for meson-baryon reactions in the nucleon 
resonance region has been developed recently [1]. 

The details of the MSL model are given in Ref. [1] and will not be 
discussed here. Similar to the earlier works using meson-exchange mod- 
els of pion-nucleon scattering, see Ref. [2] for a review, the starting point 
of the MSL model is a set of Lagrangians describing the interactions be- 
tween mesons (including the photon) (M =7, tt, tj , p, u, a, . . . ) and baryons 
(B = N, A, iV*, . . . ). By applying a unitary transformation method [4,5], an 
effective Hamiltonian is then derived from the considered Lagrangian. All of 
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Figure 1: Graphical representation of Eqs.flTJ-flHJ). 



these interactions are energy independent, an important feature of the MSL 
formulation. 

Once the Hamiltonian has been obtained, the coupled-channels equations 
for ttN and 'yN reactions are derived by using the standard projection op- 
erator technique [6], as given explicitly in Ref. [1]. The obtained scattering 
equations satisfy the two-body (ttN, r}N, jN) and three-body (tttcN) uni- 
tarity conditions. The ttA, pN and <jN resonant components of the nnN 
continuum are generated dynamically. 

The constructed model can describe up to now very well almost all of the 
empirical nN amplitudes in S, P, D, and F partial waves of SAID [7]. We will 
also show that the predicted differential cross sections and target polarization 
asymmetry are in good agreement with the original data of elastic 7r p — > 7r ± p 
and charge-exchange n~p — > ir n processes. 



2 Dynamical coupled-channels equations 

The meson-baryon (MB) scattering equations derived in Ref. [1] are illus- 
trated in Fig. [H Explicitly, they are defined by the following equations 



T a AE) = t a , p {E)+t*{E) 
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where a, (3 = r )N ) nN ) r qN ) 'miN . The full amplitudes, e.g. T^^{E), 
TriN,nN(E), T^n^n^E) can be directly used to calculate nN, nN — > r/N 
and 7iV — > ttN scattering observables. The non- resonant amplitude t a ^(E) 
in Eq. ([T]) is defined by the coupled-channels equations, 

t a , p {E) = V a> p(E) + J2 V *AE) G S (E) tsAE) (2) 

<5 

with 

V a AE)=v a ^ + Z^(E). (3) 

The second term in the right-hand-side of Eq. (TjQ) is the resonant term 
defined by 

t*A E ) = E T ^N*( E )l D ( E )h T N;^( E ) » ( 4 ) 

N*,N* 

with 

\D-\E)\, — (E — M° r )5„ - %,{E) , (5) 

where M^* is the bare mass of the resonant state N*, and the self-energies 
are 

% d (E) = ^n*-,sGs(E)Ts^ n; (E) . (6) 

5 

The dressed vertex interactions in Eq. (jl]) and Eq. (JU]) are (defining T a ^ N * = 

1 N*-*a) 

+ J2 t <*A E )G s (E)r 5 ^ N * , (7) 

s 

T N *^ a + r N *^sGs(E)t$ )a (E) . (8) 

3 Meson-baryon interaction 

We proceed in the following way. First we consider the meson-baryon inter- 
actions involving ttN,t]N, (n A, aN, pN) and use the extensive database for 
nN — > tcN (and also the nN — > i]N) to fix the non-resonant parameters en- 
tering in the phenomenological lagrangians. Once the meson-baryon is fixed 
we will, in a first stage, leave it unchanged and produce a first description of 



T a ^ N *(E) = 
T N *^ a (E) = 
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Figure 2: Real part of T^^n for some isospin 1/2 partial waves compared 
to the SAID energy independent extraction. 



the single meson photoproduction data. In the next step a combined analysis 
will need to be performed. 

To solve the coupled-channels integral equations, Eq. (J2J), without intro- 
ducing any further simplification we need to regularize the matrix elements 
of vmb,m'b'- We include at each meson-baryon-baryon vertex a form factor 
of the following form 



F(k,A) 



\k 



2 



|fc| 2 + A 2 



(9) 



ith k being the meson momentum. For the meson-meson-meson the same 
form is used with k being the momentum of the exchanged meson. 

With the non-resonant amplitudes generated from solving Eq. ([2]), the 
resonant amplitude t^ 1B M , B , Eq. (j3J) then depends on the bare mass and 
the bare N* —>■ MB vertex functions. It is worth recalling that the resonance 
amplitude will necessarily contain information about the non-resonant piece, 
as is apparent from Eq. (T4J). As discussed in Ref. [1], these bare N* parameters 
can perhaps be taken from a hadron structure calculation which does not 
include coupling with meson-baryon continuum states or meson-exchange 
quark interactions. Unfortunately, such information is not available to us. 
We thus use a parameterization given explicitly in Ref. [8]. 

In figures [2] and [3] we depict the real and imaginary part of T^n^n matrix 
compared to the energy independent extraction of the GWU group [7]. A 
comparison with experimental data for differential cross section and target 
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Figure 3: Imaginary part of T nNj7rN for some isospin 1/2 partial waves com- 
pared to the SAID energy independent extraction. 



polarization asymmetry is given in figures H] and [5j 

Our model is further checked by examining our predictions of the total 
cross sections a tot which can be calculated from the forward elastic scattering 
amplitudes by using the optical theorem. 

The predicted a tot (solid curves) along with the resulting total elastic 
scattering cross sections o~ el compared with the data of 7t~p reaction are 
shown in Fig. [6j Clearly, the model can account for the data very well within 
the experimental errors. Equally good agreement with the data for ir + p 
reaction is achieved. In the right side of Fig. El we show how the contributions 
from each channel add up to get the total cross sections. 

The contributions from 7rA, pN and aN intermediate states to the ir~p — ► 
7T7tN total cross sections calculated from our model can be seen in the right 
side of Fig. [UJ These predictions remain to be verified by the future experi- 
ments. The existing ttN — > ttttN data are not sufficient for extracting model 
independently the contributions from each unstable channel. 

As mentioned above, the fit to itN elastic scattering can not determine 
well the bare N* — > it A, pN, aN parameters. Thus the results for these 
unstable particle channels must be refined by fitting the itN — > ttttN data, 
this is currently being pursued [9] . 
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Figure 4: Differential cross section for several different center of mass en- 
ergies. Solid red curve corresponds to our model while blue dashed lines 
correspond to the SP06 solution of SAID [7]. All data have been obtained 
through the SAID online applications. Ref. [11]. 




Figure 5: Target polarization asymmetry, P, for several different center of 
mass energies. Solid red curve corresponds to our model while blue dashed 
lines correspond to the SP06 solution of SAID [7]. All data have been ob- 
tained through the SAID online applications. Ref. [11]. 
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Figure 6: Left: The predicted total cross sections of the n~p — > X (solid 
curve) and 7i~p — > 7T~p + TT°n (dashed curve) reactions are compared with the 
data. Open squares are the data on 7r~p — > X from Ref. [10], open triangles 
are obtained by adding the 7i~p — > ir~p and n~p — > ir n data obtained 
from Ref. [10] and SAID database [11] respectively. Right: Show how the 
predicted contributions from each channel are added up to the predicted total 
cross sections of the 7r~~p — > X. 

4 Photoproduction reactions 

With the hadronic parameters determined in the previous fit to meson-baryon 
experimental data we proceed to analyze the extensive data base of tt pho- 
toproduction. Here the only parameters that need to be determined are the 
bare 'yN — > N* vertex interactions. 

The strategy is to start with the bare helicity amplitudes of resonances 
at the values given by the PDG [10]. Then, we allow small variations with 
respect to those values and also in a preliminary step small variations of a 
selected set of non-resonant parameters. At the present stage we can only 
present preliminary results which are at the present time being further im- 
proved and will be reported elsewhere. 

In figure [7] we present a comparison of the current model and the exper- 
imental differential cross section data for the reaction ^p — > 7r + n at a fixed 
angle, 9 = 90 (deg). First, our main emphasis is put on understanding the 
region up to 1.6 GeV extending in that way previous works where only the 
A (1232) region was studied [4,12,13]. In figure [H] we depict angular distri- 
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Figure 7: Differential cross section for the reaction 7p — ► 7r + n at 6 = 90 deg 
as function of the center of mass energy, W. 

butions for both 7i + n and TT°p photoproduction in the A(1232) region. The 
effect of intermediate meson-baryon states different from ttN is also depict. 
The importance of multi-step processes is clear and confirms previous studies 
done in similar frameworks. 



5 Future Developments 

The model described in detail in Refs. [1,8] has already been used to study nN 
scattering and 7r photoproduction reactions as presented in this contribution. 
Being the main and most important interest of these studies the extraction 
and interpretation of baryon resonances by analyzing the extant photo and 
electro production experimental data we are now beginning to perform simul- 
taneous studies of meson-baryon, single meson electro (photo)production [14] 
and two-meson photoproduction. 

At the same time an important effort is being pursued to reliably extract 
meaningful resonance parameters from the coupled- channels formalism [15]. 

The simultaneous consideration of other meson-baryon channels, such as 
uoN [16] or kaon-hyperon channels is being pursued within the same frame- 
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Figure 8: Differential cross section in the A region. The full line corresponds 
to the current full model, the dashed line only considers intermediate tcN 
intermediate states in the photoproduction process. 

work. 
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